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MIE100 Homework 
Assignment 1 — Due Jan 23 at 11:59 pm 


Problem 1: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values 
may not match those in the problem you have been given to solve. 


The direction of motion of a flat tape in a numerical-control device is changed by the two pulleys A and B shown. If 
the speed of the tape increases uniformly from 2 m/s to 18 m/s while 8 meters of tape pass over the pulleys, 


calculate the magnitude of the acceleration of point P on the tape in contact with pulley B at the instant when the 
tape speed is 3 m/s. 


™ 


v?=t*+20 AS, /f*= 274 29, (8) 
a, = 20 m/s? 
an= Vr = 370.180 = 60 m/s? 


Q=V4," +4," = V 207+ gD’ = 63.2 m/s? 


MIE100 Homework 
Assignment 1 — Due Jan 23 at 11:59 pm 


Problem 2: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may not 
match those in the problem you have been given to solve. 


On its takeoff roll, the airplane starts from rest and accelerates according to a = dg - kv? where ag is the constant 
acceleration resulting from the engine thrust and -kv is the acceleration due to aerodynamic drag. If ag = 2 m/s2, k = 
0.00004 m4, and vis in meters per second, determine the design length of runway required for the airplane to reach 
the takeoff speed of 250 km/h if the drag term is (a) excluded and (b) included. 


U9 =0 v = 250 km/h 


— —e 


fa} a= Amis = Constant 
With v= 250/3.6 = 67.4 mjs) we have 
J -u = 2a (s-Ss) : 69.4°-0° = 2(2) S 


S= [206 m 


MIE100 Homework 
Assignment 1 — Due Jan 23 at 11:59 pm 


Problem 3: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


During a short interval the slotted guides are designed to move according to x = 16 -12t + 4t? and y = 2 + 15t- 3t?, 
where x and y are in millimeters and t is in seconds. At the instant when t = 2 s, determine the radius of curvature p of 
the path of the constrained pin P. 


a= 8 cos 9-6 Sin = 8(G)- 


= 2.8 mm |s * 


3 
Gyn = G Cs 8 t ZSMS G($)+ (5) 
= 4.6 mm fs > 
i2 2 
yr Y 5 oe a 


MIE100 Homework 
Assignment 1 — Due Jan 23 at 11:59 pm 


Problem 4: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values 
may not match those in the problem you have been given to solve. 


Motion of the sliding block P in the rotating radial slot is controlled by the power screw as shown. For the instant 
represented, 0 = 0.1 rad/s, 0 = -0.04 rad/s2, and r = 300 mm. Also, the screw turns at a constant speed giving 7 = 


40 mm/s. For this instant, determine the magnitudes of the velocity v and acceleration a of P. Sketch v and aif 0 = 
120°. 


J = = A 
' r tO mr Js 
Up = rO = 3 1) = RA mm |S 
= A Z + 30° = ) mm] 
. 2 2 
a, = F-r@ = O- 300(01)*= -3 mm/s* 
Aa =r6 +t 2re= 30 (-0.04) + 2(40)(O1) = 4 mm|s 
4 
lai ju = f j-2 
Qa = V3 + hey mM f(s 
Uo®T, = 40 mins 
u= 50 aan \ WN ~ae =-—4 mms > 
\ 
\ 
u7 P\ p 
Ug = 30 mm| 


MIE100 Homework 
Assignment 2 — Due Jan 30 at 11:59 pm 


Problem 1: 
Please Note: this solution shows the solution to the problem with one particular set of values. These 
values may not match those in the problem you have been given to solve. 


In the design of a timing mechanism, the motion of pin P in the fixed circular slot is controlled by the 
guide A, which is being elevated by its lead screw. Guide A starts from rest with pin P at the lowest point 
in the circular slot, and accelerates upward at a constant rate until it reaches a speed of 175 mm/s at the 
halfway point of its vertical displacement. The guide then decelerates at a constant rate and comes to a 
stop with pin P at the uppermost point in the circular slot. Determine the n- and t-components of 
acceleration of pin P once the pin has traveled 30° around the slot from the starting position. 


is 
H 
= 
cs 
= 
- 
= 
= 
= 
is 
= 
s 
= 
= 
= 
s 
= 
= 
= 


Uas 175 mms Eemal Momo OF P may Mateu TuE Guio, 
f z - zs \ 
h= 250 cosZ0” Use -97+ Zah —> 175 = Za, (235 ) 
l # J J 
h = 235 mm Ou." 65.2 mme 


4: Zayy= 25242) —> y7 BH ma. 


\ : 
4 Yoostio’s Vy —> Us 1384 ma), 


| y= 2D 20° 25065 = 71.2 om 


—r Q= 66.0 majs? 


Q AO O, MOST maoe TO Gwe ay. 
OSHO tAm? = Oy — 0,608 40" + 66.05 nHO = 65,2 


Q,= 297 mmj 3 


MIE100 Homework 
Assignment 2 — Due Jan 30 at 11:59 pm 
Problem 2: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The particle P moves along the parabolic surface shown. When x = 0.2 m, the particle speed is v = 5 m/s. For this 
instant determine the corresponding values of r, 7, @, and 8. Both x and y are in meters. 


y= 4x* 
LT 4-(0.2) = O./l6m 
| it, 
| E = $x =3(0.2) 
, tan A I.G 
l aL = 5%,0° 
Yo Km pa J ty 7 fo 2*.0 ice 
= 0.256 rm 
i J \ R ~} O. IQ P 
6 = Tan K x) Tan Sz) = 38.1 
R= xe = 5%8.0°-38.7° = |9.33 
C= Up= Veosp = 5 tos 197,33? = 4.72 mis 


r6 = Ug = VSINg = S Sin 1.397 = |, 455 mjs 
> 6 = 6.46 radls 


MIE100 Homework 
Assignment 2 — Due Jan 30 at 11:59 pm 


Problem 3: 
Please Note: this solution shows the solution to the problem with one particular set of values. 


These values may not match those in the problem you have been given to solve. 


Video Solution to a Similar Problem 


Car A is traveling at the constant speed of 60 km/h as it rounds the circular curve of 300-m radius 
and at the instant represented is at the position 8 = 45°. Car B is traveling at the constant speed of 
80 km/h and passes the center of the circle at this same instant. Car A is located with respect to car 
B by polar coordinates r and 6 with the pole moving with B. For this instant determine va/g and the 
values of 7 and 6 as measured by an observer in car B. 


Va = Ve t Yale 


Vale 


2 


Vale = 60° + BO% ~ 2 (60)(g0) cos 135° 
Vala = 129.6 km/h or 36.0 mis 


36.0 _ $o/3.6 


sin 135° Sing ) AA 25.9 


rÓ = Vag COSB ` 30% 8 = 36.0 cas 25.9° 
6 = ô. 1079 rad|s, 
r =- Vale sin QB: r = -36.0 sin 25.9° 
en r =-15,71 ms 


aLi van " 


č OA 26:05 


MIE100 Homework 
Assignment 2 — Due Jan 30 at 11:59 pm 


Problem 4: 
Please Note: this solution shows the solution to the problem with one particular set of values. These 
values may not match those in the problem you have been given to solve. 


Ateam of engineering students is designing a catapult to launch a small ball at A so that it lands in the 
box. If it is known that the initial velocity vector makes a 30° angle with the horizontal, determine the 
range of launch speeds for which the ball will land inside the box. 


— a — 


Solution 


Set up x-y axes at A, target at B. 


Ji Vo 
i Pad 
ae- 
A X N 
"B 
x — eq.: xg = (vocos30°)t 


y—eg.: yg = (vosin30°)t — tgr 


vo = 20.6ft/sec 


For xp = 12' yp = -0.333': 
3 B. { t = 0.672sec 


vo = 22.4 ft/sec 


For Xp = 14! yp = -0.333': 
eee { t = 0.723sec 


So the range is 20.6 < vo < 22.4 ft/sec 


MIE100 Homework 
Assignment 2 — Due Jan 30 at 11:59 pm 


Problem 5: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The motion of pin P is controlled by the two moving slots A and B in which the pin slides. If B has a velocity vg = 3 
m/s to the right while A has an upward velocity v4 = 2 m/s, determine the magnitude vp of the velocity of the pin. 


Solution 
Let B = point on slot B coincident with P. 


Vp = VB + VPB 
But Vp = Vp, + Vp, = Vp, + VA 


Sovp, + VA = Vg + VP/B 


MIE100 Homework 
Assignment 3 — Due Feb 6 at 11:59 pm 


Problem 1: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The 300-Mg jet airliner has three engines, each of which produces a nearly constant thrust of 240 kN during the 
takeoff roll. Determine the length s of runway required if the takeoff speed is 220 km/h. Compute s first for an 
uphill takeoff direction from A to B and second for a downhill takeoff from B to A on the slightly inclined runway. 
Neglect air and rolling resistance. 


Solution 


300 000 (9.81) N 


pone 


3 (240 009) N n 
XF, = max: 
3(240000) — 300000.8 sin% = 300000a, 
a; = 2.31 m/s” 


v? = 2a,s: (220/3.6} = 2(2.31)s, su = 807m 


300 990 (4,8)) N 
A 0.5° 


~ 


N T= “a, 
s K 
3 (240 ooo) N 

XF, = may: 


o 


1 
3(240000) + 300000(9.81)sin= = 300000a, 
dy = 2.49 m/s” 


v? = 2a,s: (220/3.6} = 2(2.49)s, sq = 751m 


MIE100 Homework 
Assignment 3 — Due Feb 6 at 11:59 pm 
Problem 2: 
Please Note: this solution shows the solution to the problem with one particular set of values. These values 
may not match those in the problem you have been given to solve. 


The system is released from rest in the configuration shown at time t = 0. Determine the time t when the block 
of mass m, contacts the lower stop of the body of mass mp. Also, determine the corresponding distance s2 
traveled by m2. Use the values m, = 0.5 kg, m2 = 2 kg, H; = 0.25, Ly, = 0.20, and d = 0.4 m. 


m clearly slips. For m, : N2” 23.0 N (See below) 


J ` m,g So Fins = flg N2=0.25(23.0) = 5.76 N 
_ V oben Feq= M, gsn *2(18i)sin20"=6.11N 
‘ = M,=95 k3 M= 2kg 
es: Feq > Fmax 


2 = 0,20 
N Nz so m, Sligs a aeea. AY” 
AN2 KS well. A = 9-4 m 
ZFy =o § —M,g cosO- m2 9 Cas8+ Nz =O 
N= Cm+m,)g cas = 25(1.8)cos 20° = 23.0 N 


EF = May: + 0,20(23.0)- 2(18l)sin20" = Za, 


a. =-1|.05] mo)” 
a,= -gsin® = -3,36 mjs” 
Sij = a, Taz 2 3.36- (-1.051) = = mls" 
Sija = 6/5, + [2 t+ zkt? + AFORE + (2.3% 


t= 0.5815 
Mass ma: S,= tht = + (1.051) (0.589 j> 
= O, R24 m 


MIE100 Homework 
Assignment 3 — Due Feb 6 at 11:59 pm 


Problem 3: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


For a given value of the force P, determine the steady-state spring compression 6, which is measured relative to 
the unstretched length of the spring of modulus k. The mass of the cart is M and that of the slider is m. Neglect all 
friction. State the values of P and 6 associated with the steady-state condition. 


M +m aly = ma, : 
on re (Mn) gsin= = (Mena, 
T 
7 E Mim ~ 5 SmO 
Slider a = may : 


m9 kS- ae en (haem - 3 sin@) 
$= Tm 
ks O k(n) 


xt E S> oð (Freefall , no sv) 
If statie, P = Man sin O 
rg = mg Sin S 
kK 


MIE100 Homework 
Assignment 4 — Due Feb 13 at 11:59 pm 
Problem 1: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


Explain how to utilize the graduated pendulum to measure the speed of a vehicle traveling in a horizontal circular 
arc of radius r. 


Mount The pendulum in the vehikle 

So thot Mme pendulum frame is 
Gnd Cronsverse in Mme velnicle. 
Gz 9 ars : ki (i) 
ZF,=mp: Tsmd=m F @) 


O 
2 
2 
o 
5’ 
> 
-4 
io 
X 
o 
o 
c+ 
s 
3- 


MIE100 Homework 
Assignment 4 — Due Feb 13 at 11:59 pm 


Problem 2: 
Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The position of the small 0.5-kg blocks in the smooth radial slots in the disk which rotates about a vertical axis at O 
is used to activate a speed-control mechanism. If each block moves from r = 150 mm tor = 175 mm while the speed 
of the disk changes slowly from 300 rev/min to 400 rev/min, design the spring by calculating the spring constant k 
of each spring. The springs are attached to the inner ends of the slots and to the blocks. 


k 5 ZF zma : a.=r =ru? 


a = n n 

= ae pe - 

EEEN aches saa 
ge S l LF=m z 


(5 2 -=r,w?) 


a 4 

2 

z mi Ce) x p)(27 = 
OF = 0.5 (0.178 x400°-0.150 sod hz) J15 N 


79.5 


FE akx OF=kdx=kdr ka 
? j 0.175 -0./50 


=3%B0 N/m or 


k= 3.18 kN/m 


MIE100 Homework 
Assignment 4 — Due Feb 13 at 11:59 pm 


Problem 3: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The smooth hollow tube assembly rotates about a vertical axis with angular velocity @ = Ò = 4rad/s and 

ò = Ê = — 2 rad/s2. A small 0.2-kg slider P moves inside the horizontal tube portion under the control of the 
string which passes out the bottom of the assembly. If 7 = 0.8m, } = — 2 m/s, and # = 4 m/s2, determine the 
tension T in the string and the horizontal force Fg exerted on the slider by the tube. 


Concise Solution 
8. 7 


Aa E (stable normal 
Top View + aa ond Weight = 
T 


z “to eger) 


XF=ma.= m(r-ve} 

rar tF, TELEN 
Fo = Mag = m(re 4 2r): 

F = 0.2(9.9(-2) +2(- 2)(4) = -3.52 N 


(contat on Side A Ghore ) 


MIE100 Homework 
Assignment 5 — Due Feb 20 at 11:59 pm 


Problem 1: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The system is released from rest with no slack in the cable and with the spring unstretched. Determine the 
distanced s traveled by the 10-kg cart before it comes to rest (a) if m approaches zero and (b) if m = 2 kg. Assume no 
mechanical interference. 


= k= 125 N/m 


het s be The Slant distonce doun 
tne incline traveled by Mme l3-kg Cart. 


(a) T+, a= T2 o 


S= 0.663 wm 
l) TA TU)-2 ae 
` J = 
Ot MaJs Sin 25°- mM, 95 —Zks = 0 
io(¥8i)sin2zs* = 2(9.8)- = Qzs)s =0 


AEk 


MIE100 Homework 


Assignment 5 — Due Feb 20 at 11:59 pm 
Problem 2: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


Determine the constant force P required to cause the 0.5-kg slider to have a speed v2 = 0.8 m/s at position 2. The 


slider starts from rest at position 1 and the unstretched length of the spring of modulus k = 250 N/m is 200 mm. 
Neglect friction. 


2 WA ew? 


$ 


Concise Solution 


T, t Uji-2 > Ta 
T 


U2 k 


Zk(K*-x2)- mgh + Pd 

Wit m=0.5 kg) VW, = 8 m/s) k= 250 N/m, 

X, = DOSO m |, X= 250m, g = 7.8) mls) 

h= 9.2 sin [5° and d=y0.40.2S? -y0.2*+ 0,25} 
(= 0.1515 m) 

vie obtam P= 52.2N 


MIE100 Homework 
Assignment 5 — Due Feb 20 at 11:59 pm 


Problem 3: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The object of the pinball-type game is to project the particle so that it enters the hole at E. When the spring is 
compressed and suddenly released, the particle is projected along the track, which is smooth except for the rough 
portion between points B and C, where the coefficient of kinetic friction is ux. The particle becomes a projectile at 
point D. Determine the correct spring compression 6 so that the particle enters the hole at E. State any necessary 
conditions relating the lengths d and p. 


Ekt -mg f - mgf = > m (d° F) = 


s= Ma Je sarin) 


But speed at top of hill must be =O: 
VeaT : ZkS?-umg P -3maf = £ mv™0z0 
or $z y mgA (s+m) 

n SETS 5a \ >. 2m 
" k (= t 2p Lip) S mgf (3+p,) 
or d= 212 P 


MIE100 Homework 
Assignment 5 — Due Feb 20 at 11:59 pm 


Problem 4: 

The collar of mass m is released from rest while in position A and subsequently travels with negligible friction along 
the vertical-plane circular guide. Determine the magnitude of the normal force exerted by the guide on the collar (a) 
just before the collar passes point B, (b) just after the collar passes point B (i.e., the collar is now on the curved portion 
of the guide), (c) as the collar passes point C, and (d) just before the collar passes point D. Use the values m = 0.4 kg, R = 
1.2 m, and k = 200 N/m. The unstretched length of the spring is 0.8R. 


C 
(a) Lae avs È) = ERK Lg= R=Le=lp 


) 
Ta -t Ua-g = Tg 


5 2 r 2 
o + mg (È) + 2k WF R- ose) - (R-osrÝ ] 
= + mus 
With m= 9.4 kj) RE 1.2 m, and k = 200 N fm, 
sowe for Up, = 7.47 m/s 
F.=O: kę- 20 
Kig as r 8 Na 


Ns N= k( R -0.8R) f 
i Eme = 200 Q-2)[1-0.8] = 48 N 


right 
ut ee i 
OEM: keg-Ne im R 
With numbers : Ng = 27.4 N (rgi) 


(c) Ta t Vag = Te z 
O+ mg +k WE R-0.8R) - (R- 0.8R) | 


= +m.” i We = 8.4 | mjs 
l kxe 
' we 
ArRem eT i: 
Ue? 
mg Ne Kxe + No~™ = m ~ 


With xe (R- 0.8R) jee =-17.63 N flown) 


(3) By analegy with Na. Np 274N left 


MIE100 Homework 
Assignment 6 — Due March 6 at 11:59 pm 


Problem 1: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


A 60-g bullet is fired horizontally with a velocity v = 300 m/s into the slender bar of a 1.5-kg pendulum initially at rest. 
If the bullet embeds itself in the bar, compute the resulting angular velocity w of the pendulum immediately after the 


impact. Treat the sphere as a particle and neglect the mass of the rod. Why is the linear momentum of the system not 
conserved? 


Oo 
[2] 
~y 

360 mm 

60g 
= E> 
180 mm 

k 1.5 kg 
Before After 


Solution 

For the system, 2Mo = Ho = 0, so Hg is conserved: 

(G + ) 0.060(300) (0.36) = [0.060(0.36)* + 1.5(0.54)"] 
œw = 14.56 rad/s CCW 


A large horizontal force is exerted by the bearing O on the rod so that £F, # Oin the horizontal direction. Thus 
G, # Oand the horizontal linear momentum of the bullet-pendulum system is not conserved. (x is horizontal here) 


MIE100 Homework 
Assignment 6 — Due March 6 at 11:59 pm 


Problem 2: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The system of three particles has the indicated particle masses, velocities, and external forces. If r represents the 
location of the center of mass, determine r, d(r)/dt, d2(r)/dt2, T, Ho, and d(Ho)/dt for this three-dimensional system. 


| 
‘sd 
| 
| 
| 
F l Š 
d, “oO ~~ 
- fae 
-“ `~ ~ 
a j g ~y 2d ~ ea, a 
Im | Y 
Solution 


_ Emr; _ mdi) + 2m(2dj) + 4m(1.5dk) 


=m; m+2m+4m 
d 
= zü + 4j + 6k) 


_ mit; _ m(2vj) + 2m(3vk) + 4m(vi) 


=m; Tm 


= Zi + 2j + 6k) 


a _2F _ Zk 
E =m; 7 7m 
T = S imi? = Hmv? + 2m(3v)” = 4m(v)?] 
2° t 2 
= 13m? 
Ho = Èr; X mV; = 2mvdk + 12mvdi + 6mvdj 


mvd(12i + 6j + 2k) 


Ho = =Mo = —Fdj 


MIE100 Homework 
Assignment 6 — Due March 6 at 11:59 pm 


Problem 3: 
Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The two spheres are rigidly connected to the rod of negligible mass and are initially at rest on the smooth horizontal 
surface. A force F is suddenly applied to one sphere in the y-direction and imparts an impulse of 10 N-s during a 
negligibly short period of time. As the spheres pass the dashed position, calculate the magnitude of the velocity of 
each one. 


zr dt=0 so AG =0 
J2F dt =AG,: 10= 2h 5)uy , uy = 3.33 m/s 


fam, dt =AH,: /0(0.3)= 2(4.$)4,(0.3) Y, = 3.33 m/s 


= 3,332 =4.7/ m/s both Spheres 


MIE100 Homework 
Assignment 6 — Due March 6 at 11:59 pm 


Problem 4: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


A horizontal bar of mass m; and small diameter is suspended by two wires of length! from a carriage of mass m which 
is free to roll along the horizontal rails. If the bar and carriage are released from rest with the wires making an angle @ 
with the vertical, determine the velocity vp, of the bar relative to the carriage and the velocity v, of the carriage at the 
instant when 6 = O. Neglect all friction and treat the carriage and the bar as particles in the vertical plane of motion. 


4E=o; Ay=-m,g£(i-cos 
: 2 2 
mz AT= $m, (40-Y%) tjn 


X--- | > 
. UU Jhus 


ôf zm, (06 -U)i + mate’ -m, gh (1- cos A200) 
— Öm 
ys by Also for system ZF Oo So AG,=92 


m, Y - m, (25-4) = o i 
Substitute (2) into 0) g get 


Zm (Mak)? + Lm, YL? = mgA cose) 


1 
ure eye ee) ee [ 234l- cos 8) 
m2/m,)*+(rm,/m,) (™,/m,)(1 + ™,/m) 
= 26 = ma A 
Up= 20 = Ai Vap 01 R )29 £(1- cos) 


MIE100 Homework 
Assignment 6 — Due March 6 at 11:59 pm 


Problem 5: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The cars of a roller-coaster ride have a speed of 30 km/h as they pass over the top of the circular track. Neglect any 
friction and calculate their speed v when they reach the horizontal bottom position. At the top position, the radius of 
the circular path of their mass centers is 18 m, and all six cars have the same mass. 


= (28) =79 * ar“ ayze 
m =: fofa! mass 5 Gi me) 10 . 9 6s? 
of cars \ / 27 e , 
we a ia 
VY \o IN 2 
—— \J/ = /Z26 m 
ee moaacnamm 


For system áT+Ãk=9 
2 ¢ 3092 2 
4m(v -[ 3 ') - mg(1zz6)=0 
u? (30/3.6)* + 209. 81)(17.26) = 69.4 + 338.6 


= 408 (m/s) 
Uz 20.2 m/s or U= 20,2(3.6)= 72.7 Am/h 


MIE100 Homework 
Assignment 7 — Due March 13 at 11:59 pm 


Problem 1: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


Ends A and C of the connected links are controlled by the vertical motion of the piston rods of the hydraulic cylinders. 
For a short interval of motion, A has an upward velocity of 3 m/s, and C has a downward velocity of 2 m/s. Determine 
the magnitude of the velocity of B for the instant when y = 150 mm. 


604+36.9 -90 
Vape f =6.9° 


9z - =66.9° 
Vaya, CoS 6 hey cos 66.9 / 
-Vasa sin6.9°+ Vay, SIN 66.9% = 5 ee 


Solve Simui taneously g get 
Vey = 5.73 m/s, Vaa 2.27 m/s 


From which yz? = 2,27? +3*%2(2.27)(3)Cos 96.9 ° =15,77 
Ug = 3.97 m/s 


MIE100 Homework 
Assignment 7 — Due March 13 at 11:59 pm 
Problem 2: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The spoked wheel of radius r is made to roll up the incline by the cord wrapped securely around a shallow groove on 
its outer rim. For a given cord speed v at point P, determine the velocities of points A and B. No slipping occurs. 


u= RAA, since Ve =o > w= CW 
5 
Va = Ne t Yak = ves WR Vale 


“ar kx Tur ry) 


nN 
ye 
he 

4 
C 


= 
fo) 
© 
a. 
Oa 
0 
|] 
OK 
+ 
4% 
< 
2 
a] 


il 
Nie le 
M mw 1c 
l 
C 
r” 


c . c 

Tne Value at 3 is ot wm Consequence Ner, 

We could have used O as a base port. 
J 


Va = Zt. 


MIE100 Homework 
Assignment 7 — Due March 13 at 11:59 pm 
Problem 3: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The piston rod of the hydraulic cylinder gives point B a velocity vg as shown. By the method of this article determine 
the expression for the magnitude vc of the velocity of point C in terms of the velocity vg of the piston rod and the angle 
8. 


Zby 1+8 co S 


an is the instantaneous center of Zev 
Velacity) for ABC. 


è 
c,c bY 148c0s Z VU / 206 
ia ee ee E ee = 
c B Sec Z+ 
C8 2bas% ° 2 = 


MIE100 Homework 
Assignment 7 — Due March 13 at 11:59 pm 
Problem 4: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


Video Solution to a Similar Problem 


For a short interval of motion, link OA has a constant angular velocity w = 4 rad/s. Determine the angular acceleration 
aag Of link AB for the instant when OA is parallel to the horizontal axis through B. 


Cc 
(60+s)* +120 = Zoo* | A 
=* los mm 12o mm 
Up = 0.06 (4)= 0.24 mls | 


A 0.24 
ns Ac 0.Ko 
= 1.5 rodjs' 


Og = Ga + (Gein), * Gsja)e ; Ga = (CA = 0.06 G 
= 0o fA 
Csa” 0.2 (.5)* 
, = 0.45 ms” As: 
From the diagram R = ms fs 


Gui)" Hoaas Cones A Ge 
ae € Casp) fre 0.45 m/s Qa 


= 9.338. 168k radi? cows 


z Qa = 0.96 mjs% 
0.2 


MIE100 Homework 
Assignment 7 — Due March 13 at 11:59 pm 


Problem 5: 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The center O of the wheel is mounted on the sliding block, which has an acceleration ao = 8 m/s? to the right. At the 


instant when 98 = 45° ġ = 3 rad/s and Ê = -8 rad/s. For this instant determine the magnitudes of the accelerations of 
points A and B. 


e- i \ 
2=% + (Zap, at (Bajo), 
,* 


ays), = AO 0" =0.4(3*) = 3.6 m/s 


(Qy,) = JO = 0.4 (8) 3.2 m/s* 
Yor, 

s á ag 
4,* Bo tl Ral) tlo) 
(Gyp),= 3.6 mys* 
a s Pi 
laan), 3.2 m/s 


From poly gons * | r4 
at, Siti Yd, 


MIE100 Homework 
Assignment 8 — Due March 20 at 11:59 pm 


Problem 1 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The parallelogram linkage shown moves in the vertical plane with the uniform 8-kg bar EF attached to the plate at E by 
a pin which is welded both to the plate and to the bar. A torque (not shown) is applied to link AB through its lower pin 
to drive the links in a clockwise direction. When 8 reaches 60°, the links have an angular acceleration and an angular 
velocity of 6 rad/s? and 3 rad/s, respectively. For this instant calculate the magnitudes of the force F and torque M 
supported by the pin at E. 


Gen = ra = 0.9(3)"= 1.2 mè, Manz 3(7.2) =5S74N 


@e)t = Ya = 0.8( 6) = 48 mlst , may = 9(4.8)= 33.4 N 


\n mg = 8(9.8))N 


FEMe = Zmad : M-8(9.81)(0.6) = 38.4(0.6 sin 30°) - 
57.6 (0.6cos 30°), M= 2&7 Nem CCW 
Ermy: Fẹ- 8(9.81) sin 30*= 36.4, Fp =77.6N 
ZFaz Man 2 Fat g (4.81) cos 30° = 57.6) Fa = 10.37 N 
Fa A+ =. TEEN 


MIE100 Homework 


Assignment 8 — Due March 20 at 11:59 pm 
Problem 2 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The 6-kg frame AC and 4-kg uniform slender bar AB of length I slide with negligible friction along the fixed horizontal 


rod under the action of the 80-N force. Calculate the tension T in wire BC and the x- and y-components of the force 
exerted on the bar by the pin at A. The x-y plane is vertical. 


Bar: Ax se 
Ae a, 
oo", ly 
Ay / 
— -J mas 4l) = 32N 
T 


4 (4.8%) N 


OEM Mad: Ay (2g cos 60°) + 4 (4.81) I asta? 


= 32(% Sinko’) ‘ Ay =-15,57 N 
ZFy=° : -15.57 + 4(9.81)- Tsinbo® =o 


T= 27.3 N 


ZFy=may? Ag +273 costo? = 32, Ay=l8.34N 


MIE100 Homework 
Assignment 8 — Due March 20 at 11:59 pm 
Problem 3 
Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The mass of gear A is 20 kg and its centroidal radius of gyration is 150 mm. The mass of gear B is 10 kg and its 


centroidal radius of gyration is 100 mm. Calculate the angular acceleration of gear B when a torque of 12 N-m is 
applied to the shaft of gear A. Neglect friction. 


re A: Zm Tao: M- Č Fog = Tasty 


mBEC: Faye Tye, * -B p+ ae CAS ATEN 


Rard: Zhyr Mag: -rpa 


See O Zdadod M 


z idg Ia + ddi (Ta+I) 7 m dèdè (Down) 


MIE100 Homework 
Assignment 8 — Due March 20 at 11:59 pm 


Problem 4 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The semicircular disk of mass m and radius r is released from rest at 8 = O and rotates freely in the 
vertical plane about its fixed bearing at O. Derive expressions for the n- and t-components of the force F on the 
bearing as functions of 8. 


x =- 2. M . =- 4r 169 
dis mio, h mg sino = m $13 sing 


£= (2,+1)mg SNO = /,72/ mg sind 
ef =m Fel | Mg cosa - Be mE È 2 cose 


= (1-2 =. =, )mgcose = 0,640 mg cose 


MIE100 Homework 
Assignment 9 — Due March 27 at 11:59 pm 


Problem 1 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The T-shaped body of total mass mis constructed of uniform rod. If it is released from rest while in the position shown, 
determine the vertical force reaction at O as it passes the vertical position (120° after release). 


Ot mg = (sin 30°+ y= + (wd) oS 
Z 
Oa ST 


8, 
e 
TED e&t positon @): 
G os Ey = MAy : 
2b 324 
Oy-mg = m E aE 


Zp ql 
3 a 
A Sy ay V9 “P 


jt 


MIE100 Homework 
Assignment 9 — Due March 27 at 11:59 pm 


Problem 2 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The 1.2-kg uniform slender bar rotates freely about a horizontal axis through O. The system is released from rest 
when it is in the horizontal position 8 = O where the spring is unstretched. If the bar is observed to momentarily stop in 
the position 8 = 50°, determine the spring constant k. For your computed value of k, what is magnitude of the angular 
velocity of the bar when @ = 25°. 


The Seneral length L of the Sering is 

L> = 2(0.¢)*- 2(0.6)* cos (70° +8) 
Spring stretch «2 = L-o.6{2 (in m) 

y AS . Ô: © =0 (datmo Ô 

Tit V + 1-2 ” Ta tV PE ances im @ ) 
O+ Eka? = Ts i Ekri -mgh 

ô a 
With % =o Xo as shove | To= mbar , 
m= (.2 K3) hear TOIM, 3 = 4.3) om]s*, 
and h= Ser sin 8 We find k= 92-6 Nim. 
With this value of k and SO =25°: 

/ 

T+ + D-2 T2+ V 2 

O+040 = Erow + ake — mgGhe 


G = 2AZ rads Cw 


MIE100 Homework 
Assignment 9 — Due March 27 at 11:59 pm 


Problem 3 


MIE100 Homework 
Assignment 9 — Due March 27 at 11:59 pm 


Please Note: this solution shows the solution to the problem with one particular set of values. These 
values may not match those in the problem you have been given to solve. 


The 5-kg bar is released from rest while in the position shown and its end rollers travel in the vertical- 
diane slot shown. If the speed of roller A is 3.25 m/s as it passes point C, determine the work done by 
friction on the system over this portion of the motion. The bar has a length I = 700 mm. 


Solution 


Ê = r? +r? —2rcos(90° + 30°) > r= 


sl- 


m = 5kg 
? = 700mm 
var = 3.25m/s 


l 
d = rsin30° = —— 
23 
‘AB rotates about point O) 


Ti + Vig + Uj5 = T) + Vg 


-mg=c0s30" + Uj, = slow - me(r + 5sina0") 


2 
59.81) ar cos30° + Ug = Af syo.7? +5( 2) fo? - 59.81 ( on + sino 
2 2| 12 2/3 v2 


Solving... Uf. = — 0.336) 


MIE100 Homework 
Assignment 9 — Due March 27 at 11:59 pm 


Problem 4 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


Video Solution to a Similar Problem 


Motive power for the experimental 10-Mg bus comes from the energy stored in a rotating flywheel which it carries. 
The flywheel has a mass of 1500 kg and a radius of gyration of 500 mm and is brought up to a maximum speed of 4000 
rev/min. If the bus starts from rest and acquires a speed of 72 km/h at the top of a hill 20 m above the starting 
position, compute the reduced speed N of the flywheel. Assume that 10 percent of the energy taken from the flywheel 
is lost. Neglect the rotational energy of the wheels of the bus. The 10-Mg mass includes the flywheel. 


Solution 


A Tanai a2) y? 0 = 110000) T2 f 0=2x 10°) 
translational = A = 2 36 = 


AT rotation = Hlo -a?) = 5(1500)(0.57 (o = [e ) 
= 187.53 — 32.90 x 10°J 
AE = 0.1(187.5@3 — 32.90 x 10°) = 18.75%} — 3.29 x 10°J 
AV, = mgh = 10000(9.81)(20) = 1.96 x 10°J 
AE = AT + AV, 
18.7503 — 3.29 x 10° = 2 x 10° + 187.5w3 — 32.90 x 10° + 1.96 x 10° 
168.7503 = 25.65 x 10° 


w = 152000 (rad/s) 


@ = 390rad/sorN = 


320x00 372v 
T A alee EN 


2 


MIE100 Homework 
Assignment 10 — Due April 3 at 11:59 pm 


Problem 1 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The initially stationary uniform disk of mass m, and radius b is allowed to drop onto the moving belt from a very small 
elevation. Determine the time t required for the disk to acquire its steady-state angular speed. The belt drive pulley 


rotates with a constant clockwise (opposite to what is shown in the figure) angular velocity w. Ignore any sag in the 
belt. 


OA: GEMq=O+: $ Cm,g)- 3b(oy)=9 


= M 
Oy 24 

Cylinder + 

AFy =o: N- a, -mg = 0 


m ro 
Solving for t ` 4 .—=— ( ) 


MIE100 Homework 
Assignment 10 — Due April 3 at 11:59 pm 


Problem 2 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The uniform rectangular block with the given dimensions is dropped from rest from the position shown. Corner A 
strikes the ledge at B and becomes latched to it. Determine the angular velocity w of the block immediately after it 
becomes attached to B. Also find the percentage n of energy loss during the corner attachment for the case b = c. 


per 
AH, = ‘| 
hy w- mile =0 
Le amletee") amli G] 
Lin (b+ 


=z 
$ | P ' J _ Jha 2gh 
fireclay f a0, w- ca 

IAEI ¢mu*-ZL,0~ 
Percentage loss of energy N= aE e oe ai 

7 >” 

oh nee 
2 2 
au bec, 2c 2c°/3 Ie? (2gh) 

S nel- oh Al) 


=/-Z =2 or n= E25 loss 


MIE100 Homework 
Assignment 10 — Due April 3 at 11:59 pm 


Problem 3 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The device shown is a simplified model of an amusement-park ride in which passengers are rotated about the vertical 
axis of the central post at an angular speed Q while sitting in a pod which is capable of rotating the occupants 360° 
about the longitudinal axis of the connecting arm attached to the central collar. Determine the percent increase n in 
angular velocity between configurations (a) and (b), where the passenger pod has rotated 90° about the connecting 
arm. For the model, m = 1.2 kg, r= 75 mm, I = 300 mm, and L = 650 mm. The post and connecting arms rotate freely 
about the z-axis at an initial angular speed Q = 120 rev/min and have a combined mass moment of inertia about the z- 
axis of 30(1073) kg -m2. 


Ho,* Ho, 
(I; + [ime edml + mit) RQ = (1,+3] Luts ait) 2 


J 


Sonare F Iaf.. = 12.74 rad h ogł 2.7 eV enin 


In 121,7 -120 
n= i lo% = o Mo% —> N=1405% 


MIE100 Homework 
Assignment 10 — Due April 3 at 11:59 pm 


Problem 4 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The homogeneous sphere of mass m and radius r is projected along the incline of angle 8 with an initial speed vo and no 
angular velocity (wọ = 0). If the coefficient of kinetic friction is Hk, determine the time duration t of the period of 


slipping. In addition, state the velocity v of the mass center G and the magnitude of the angular velocity w at the end of 
the period of slipping. 


A % 


t 
Je Fy at = m (vy-Uy,) = 0 > N= ig ese 
t 
f ZF, dt = m(v,- Uy,) : 
CAyIng cos Ə xmgsing)t = m (u-u) t) 
N AN SSEMe at = T (wu): 


(AY eso r yt = Sma (2) 
We desire the time t when V= ru (3) 


` Vo 
Solution of Eqs. (1) -@3):(t= a ee 
kes 
For Slipping +> ceas?) y= Suo, 
T Hu COS o> 2 sin9 Tak- Z targ 


= 5 Ve / 
or A > = tand n ai 


Tak — Ztanð 


MIE100 Homework 
Assignment 10 — Due April 3 at 11:59 pm 


Problem 5 


Please Note: this solution shows the solution to the problem with one particular set of values. These values may 
not match those in the problem you have been given to solve. 


The cable drum has a mass of 800 kg with radius of gyration of 480 mm about its center O and is mounted in bearings 
on the 1200-kg carriage. The carriage is initially moving to the left with a speed of 1.5 m/s, and the drum is rotating 
counterclockwise with an angular velocity of 3 rad/s when a constant horizontal tension T = 400 N is applied to the 
cable at time t = 0. Determine the velocity v of the carriage and the angular velocity w of the drum when t = 10s. 
Neglect the mass of the carriage wheels. The velocity v is positive if to the right, negative if to the left. The angular 
velocity is positive if counterclockwise, negative if clockwise. 


10 

System furat = AG: 4o0(1s)= (1200+80)[-(-i.5)| 
Eg o u= ôS mjs (rignt) 

Drum Z Msdt = AH, : 400(0.500) (1) = = 80 (0.48) [w-(-3)| 
» a= 185 rads ow 
The rotation of the drum does not affect 
the linear mvmeritem of the system Ss 
V=0.5 mis ig independent of ow. 


